To assess the incidence of chronic illness and its effect on veteran centenarians. DESIGN: Retrospective longitudinal cohort study. SETTING: United States Veterans Affairs Corporate Data Warehouse (CDW). PARTICIPANTS: Community-dwelling veterans born between 1910 and 1915 who survived to at least age 80 (N = 86,892; 31,121 octogenarians, 52,420 nonagenarians, 3,351 centenarians). MEASUREMENTS: The Kaplan-Meier method was used to estimate cumulative incidence of chronic conditions according to age group. Incidence rates were compared using the log-rank test. Cox proportional hazards models were used to estimate unadjusted hazard ratios. RESULTS: Ninety-seven percent of Centenarians were male, 88.0% were white, 31.8% were widowed, 87.5% served in World War II, and 63.9% did not have a service-related disability. The incidence rates of chronic illnesses were higher in octogenarians than centenarians (atrial fibrillation, 15.0% vs 0.6%, P < .001; heart failure, 19.3% vs 0.4%, P < .001; chronic obstructive pulmonary disease, 17.9% vs 0.6%, P < .001; hypertension, 29.6% vs 3.0%, P < .001; end-stage renal disease, 7.2% vs 0.1%, P < .001; malignancy, 14.1% vs 0.6%, P < .001; diabetes mellitus, 11.1% vs 0.4%, P < .001; stroke, 4.6% vs 0.4%, P < .001) and in nonagenarians than centenarians (atrial fibrillation, 13.2% vs 3.5%, P < .001; heart failure, 15.8% vs 3.3%, P < .001; chronic obstructive pulmonary disease, 11.8% vs 3.5%, P < .001; hypertension, 27.2% vs 12.8%, P < .001; end-stage renal disease, 11.9% vs 4.5%, P < .001; malignancy, 8.6% vs 2.3%, P < .001; diabetes mellitus, 7.5% vs 2.2%, P < .001; and stroke, 3.5% vs 1.3%, P < .001). CONCLUSION: In a large cohort of predominantly male community-dwelling elderly veterans, centenarians had a lower incidence of chronic illness than those in their 80s and 90s, demonstrating similar compression of morbidity and extension of health span observed in other studies.
L ongevity beyond 80 years of age is no longer uncommon [1] [2] [3] [4] Despite accounting for only 0.02% of the United States population, the number of centenarians in the U.S. is growing rapidly. The U.S. Social Security Administration predicts that the number of centenarians in the United States will exceed 1 million before the end of this century. 5 This group of survivors is composed of individuals who may serve as a model for successful aging. 6, 7 Significant improvements in public health have contributed to this success-specifically, lower early childhood mortality, the introduction of antibiotics early in the 20th century, and adoption of healthy habits and disease preventive strategies at younger ages. 1, 8 These factors have added almost 30 years to life expectancy, resulting in delayed mortality. 7 The Framingham Heart Study and Honolulu Heart program have improved our understanding of life span and health span through inclusion of aging-related factors to their existing studies of older adults with several decades of follow-up. In addition, given the prognostically heterogeneous group, elderly patients are poorly represented in clinical trials, however, interest in this group has increased steadily in recent decades. Globally and in the United States, several teams have been studying centenarians and their habits, support systems, personalities, coping styles, cognition, and genetics. [8] [9] [10] [11] [12] [13] [14] [15] No study to date has examined U.S. military or Veteran centenarians. Veterans centenarians are predominantly male, and most have outlived their spouses. This group also served in World War II and experienced combat, a unique occupational exposure that may provide an opportunity to examine resilience in this particular group of survivors. Furthermore, the Veteran Health Administration (VHA), with its longstanding adoption of an electronic health record (EHR) system, provides an unparalleled opportunity to access centenarian data for hypothesis testing, adding to current knowledge regarding this unique group of survivors.
This study was designed to determine characteristics of community-dwelling male veteran centenarians cared for in the VHA system and assess the incidence of chronic illness and its effect on survival.
METHODS

Study Design
This was a retrospective longitudinal cohort study of elderly U.S. veterans. Incidence rates of chronic illnesses including atrial fibrillation, congestive heart failure, chronic obstructive pulmonary disease (COPD), hypertension, renal failure, cancer, diabetes mellitus, and stroke in centenarians were compared with those in octogenarians and nonagenarians. Data from the Department of Veterans Affairs (VA) Informatics and Computing Infrastructure were used. The Corporate Data Warehouse is a national repository of data from several VHA data sources, including clinical and health utilization data.
Study Population
The cohort included 86,892 veterans born between 1910 and 1915 who had records in the VA Informatics and Computing Infrastructure system. To confirm VA care, veterans who had had fewer than two outpatient visits since age 80 were excluded. Institutionalized veterans admitted to a nursing home or hospice were also excluded. To construct the three arms of the cohort, mortality data were obtained from the VHA Vital Status File, which includes dates of death for veterans who had received care from the VHA since 1992, were enrolled in the VHA, or had received compensation or pension benefits from the Veterans Benefit Administration since 2002. Multiple VHA and non-VHA data sources contribute to the VHA Vital Status File, including the Beneficiary Identification Records Locator Subsystem Death File, VHA Medicare Vital Status File, and the Social Security Administration Death Master File. 16 In this study of veterans, octogenarians were defined as those who lived to at least age 80, nonagenarians as those who lived to at least age 90, and centenarians as those who lived to at least age 100. All participants were community-dwelling veterans who had not been admitted to a VA nursing home, including a skilled nursing facility or hospice, irrespective of length of stay.
Outcome Variables
The primary endpoint for this study was incidence of chronic diseases occurring on or after age 80. International Classification of Diseases, Ninth Revision (ICD-9) diagnostic codes were used to capture all diagnoses. Incidence of comorbidity was defined using the Elixhauser Agency for Healthcare Research and Quality-WebICD-9, Clinical Modification, coding algorithm (Appendix S1). 17 For comorbidities, participants with a diagnosis before the age of 80 were excluded. Two outpatient ICD-9 codes or one inpatient ICD-9 code was required to count as an incident case of comorbidity.
Age at time of incidence of the condition was calculated using the time difference between date of diagnosis and date of birth. Data for participants who did not reach an endpoint by age 100 were censored at date of death for octogenarians and nonagenarians.
Statistical Analysis
The Kaplan-Meier method was used to estimate the probability of each endpoint according to the ages of the participants. Differences between octogenarians, nonagenarians, and centenarians were tested using log-rank tests. At ages 89 and 99, a two-sided P-value was computed on the basis of the difference between the Kaplan-Meier estimates at that time point, with standard errors obtained using the Greenwood formula. A Cox proportional hazards model was used to estimate hazard ratios and confidence intervals for the study outcomes comparing the three age groups.
RESULTS
Of the 86,892 veterans born between 1910 and 1915, 31,121 were octogenarians, 52,420 were nonagenarians, and 3,351 were centenarians. Overall baseline demographic characteristics were similar in the three groups ( Table 1 ). The cohort was more than 97.0% male, 88.0% Caucasian, and 31% widowed; more than 63.9% had no service connection disability, and more than 87.5% had served in World War II.
Atrial Fibrillation
By age 89, the estimated incidence of atrial fibrillation was 0.6% in centenarians (reference group), 15.0% in octogenarians, and 2.8% in nonagenarians. Fourteen veterans with a recorded diagnosis of atrial fibrillation before the age of 80 were excluded. A significant difference was found in the Kaplan-Meier estimates of atrial fibrillation incidence at age 89 between centenarians and octogenarians (P < .001), by age 99, the incidence of atrial fibrillation was 3.5% for centenarians and 13.2% for nonagenarianss. The difference between centenarians and nonagenarians was also significant (P < .001) ( Figure 1A ). Centenarians had a lower incidence of atrial fibrillation after age 80 than did octogenarians and nonagenarians (Table 2) .
Heart Failure
By age 89, the estimated incidence of HF was 0.4% in centenarians, 19.3% in octogenarians, and 3.3% in nonagenarians. The study excluded 13 veterans with a recorded diagnosis of HF before the age of 80. Kaplan-Meier estimates of HF incidence showed a significant difference at age 89 between centenarians and octogenarians (P < .001), by age 99, the incidence of HF increased to 3.3% for centenarians and 15.8% for nonagenarians. The difference between centenarians and nonagenarians was significant (P < .001) ( Figure 1B ). Centenarians had a lower incidence of HF after age 80 than did octogenarians and nonagenarians (Table 2) .
Chronic Obstructive Pulmonary Disease
By age 89, the estimated incidence of COPD was 0.6% in centenarians, 17.9% in octogenarians, and 3.4% in nonagenarians. The study excluded 28 veterans with a recorded diagnosis of COPD before the age of 80. Kaplan-Meier estimates of COPD at age 89 showed a significant difference between centenarians and octogenarians (P < .001), by age 99, the incidence of COPD increased to 3.5% for centenarians and 11.8% for nonagenarians. The difference between centenarians and nonagenarians was significant (P < .001) ( Figure 1C ). Centenarians had a lower incidence of COPD after age 80 than did octogenarians and nonagenarians (Table 2) .
Hypertension
By age 89, the estimated incidence of hypertension was 3.0% in centenarians, 29.6% in octogenarians, and 8.6% in nonagenarians. The study excluded 35 veterans with a recorded diagnosis of hypertension before the age of 80. The Kaplan-Meier estimates of hypertension showed a significant difference between centenarians and octogenarians at age 89 (P < .001), by age 99, the incidence of hypertension increased to 12.8% for centenarians and 27.2% for nonagenarians. The difference between centenarians and nonagenarians was significant (P < .001) ( Figure 1D ). Centenarians had a lower incidence of hypertension after age 80 than did octogenarians and nonagenarians (Table 2) .
End-Stage Renal Disease
By age 89, the estimated incidence of ESRD was 0.1% in centenarians, 7.2% in octogenarians, and 0.9% in nonagenarians. The study excluded 32 veterans with a recorded diagnosis of ESRD before the age of 80. A significant difference was found in the Kaplan-Meier estimates of ESRD incidence at age 89 between centenarians and octogenarians (P < .001), by age 99, the incidence of ESRD increased to 4.5% for centenarians and 11.9% for nonagenarians. The difference between centenarians and nonagenarians was statistically significant (P < .001) ( Figure 1E ). Centenarians had a lower incidence of ESRD after age 80 than did octogenarians and nonagenarians (Table 2) .
Cancer
By age 89, the estimated incidence of malignancy was 0.6% in centenarians, 14.1% in octogenarians, and 1.9% in nonagenarians. The study excluded 11 veterans with a recorded diagnosis of cancer before the age of 80. KaplanMeier estimates of cancer incidence at age 89 showed a significant difference between centenarians and octogenarians (P < .001), by age 99, the incidence of cancer increased to 2.3% for centenarians and 8.6% for nonagenarians. The difference between centenarians and nonagenarians was statistically significant (P < .001) ( Figure 1F ). Centenarians had a significantly lower incidence of cancer than octogenarians and nonagenarians (Table 2) .
Diabetes Mellitus
By age 89, the estimated incidence of diabetes mellitus was 0.4% in centenarians, 11.1% in octogenarians, and 2.4% in nonagenarians. The study excluded 21 veterans with a recorded diagnosis of diabetes mellitus before the age of 80. A significant difference was seen in the Kaplan-Meier estimates of diabetes mellitus incidence at age 89 between centenarians and octogenarians (P < .001), by age 99, the incidence of diabetes mellitus increased to 2.2% for centenarians and 7.5% for nonagenarians. The difference between centenarians and nonagenarians was statistically significant (P < .001) ( Figure 1G ). Centenarians had a lower incidence of diabetes mellitus after age 80 than did octogenarians and nonagenarians (Table 2) .
Stroke
By age 89, the estimated incidence of stroke was 0.4% in centenarians, 4.6% in octogenarians, and 1.0% in nonagenarians. The study excluded three veterans with a diagnosis of stroke before the age of 80. A significant difference was seen in the Kaplan-Meier estimates of stroke incidence at age 89 between centenarians and octogenarians (P < .001), by age 99, the incidence of stroke increased to 1.3% for centenarians and 3.5% for nonagenarians. The difference between centenarians and nonagenarians was statistically significant (P < .001) ( Figure 1H ). Centenarians had a lower incidence of stroke after age 80 than did octogenarians and nonagenarians (Table 2) .
DISCUSSION
This study demonstrates that, in a large VA cohort of community-dwelling predominately male veterans, centenarians had a lower incidence of chronic illnesses after age 80 than did octogenarians and nonagenarians. The survival curves demonstrated similar consequential patterns of disease incidence in the three study groups, with octogenarians having the highest incidence rates, followed by nonagenarians and centenarians. To the best of the authors' knowledge, this is the largest sample to date of these age groups, with the additional advantage of being matched for birth year cohort. Furthermore, populationbased centenarian studies have included overwhelmingly female participants except in rare areas of the world. 18 This cohort of predominantly men, in contrast to centenarian cohorts outside the VA system of care, is well positioned to stimulate much-needed research that may make important contributions to current knowledge about this group of survivors. One or more of several hypotheses might explain these findings. One that is widely deliberated states that centenarians markedly delay onset or even escape diseases that would otherwise be lethal at younger ages because of what is known as compression of morbidity. 4, 19 This hypothesis might explain the sequential trend in the survival curves; the study found that 85% of all centenarians had had no incidence of major chronic conditions between the ages of 80 and 99. In a population-based study of the New England Centenarian Study, 32% of male and 15% of female subjects fit the escaper profile, but when only the most-lethal diseases of the elderly population were examined (heart disease, nonskin cancer, stroke), 87% of male and 83% of female subjects delayed or escaped these diseases. 20 Poorer quality of life in advanced age because of increases in disability and degenerative diseases counterbalances the survival advantage of women. 21 Male veteran centenarians tend to have a better health profile than female centenarians, and their incidence of having one or more chronic illness ranges from 0.1% to 12.8%, which is lower than that in the general population. The progress being made in lengthening lifespans is largely from medical and public health efforts, improved nutrition and healthier lifestyles. The VA healthcare system provides open access to healthcare for all enrolled veterans. Financial barriers to receiving care are minimized, and the differences in socioeconomic factors are less significant than in the general population, but it is unclear whether greater access to care, including prevention and treatment for all veterans, as well as programs that offer social support against hardship, resulted in markedly longer life expectancy in this cohort than in similar non-VA cohorts.
Low incidences of cardiovascular disease, stroke, diabetes mellitus and cancer were observed in all three study groups (Table S1 ). The veteran centenarian population has a pattern of compression of morbidities similar to that observed in other cohorts with exceptional longevity. 4 The lower incidence of cardiovascular disease has been observed in veteran and nonveteran populations, as reported in a small prospective study that included 93 veterans; centenarians had lower incidences of hypertension, diabetes mellitus, and myocardial infarction than did younger individuals. 22 In addition, in a study of death certificates, centenarians had evidence of lower rates of diabetes mellitus and myocardial infarction, 23 in contrast to the widely accepted concept of heart failure as a disease of elderly adults. It appears that this elderly population may somehow skip the usual cardiac risk factors. The lower incidence of chronic illness in centenarians is intriguing; it is plausible that centenarians have fewer cardiovascular risk factors, genetic variants that effectively counteract those risk factors, or possibly both. Further studies are needed to explore these hypotheses.
Studies have shown that hypertension is common in older persons and is the most common risk factor for cardiovascular and cerebrovascular morbidity and mortality. 24 Current study data show that octogenarians and nonagenarians were much more likely to have hypertension than were centenarians. Although this association was not as strong as for other comorbidities such as heart failure, it is plausible that it may not have been possible to capture data for participants who developed hypertension in middle age, before the inception of EHRs.
As individuals age, cardiovascular events and hypertension are among the most-frequent illnesses experienced. The Framingham Study found that the lifetime incidence of persons aged 55-65 developing hypertension was 90%, 25 although it is intriguing to see the much lower rate of other associated cardiovascular illnesses in this age group, which supports the delayer theory. 20 Several limitations of this study need to be acknowledged. The cohort was predominantly community-dwelling men with no history of admission to VA nursing homes, skilled nursing facilities, or hospice; therefore, results may not be applicable to all veteran centenarians, and it is plausible that findings could be different for women. Study of veteran male centenarians may provide an opportunity for further hypothesis testing and fill the knowledge gap in many areas, because the vast majority of centenarians are female in the general population, although it appears that veteran women outlived men in this cohort, reflecting the general population experience. Another limitation is that diagnoses made before the early 1990s were not reliably captured in the database. The risk of having certain comorbidities may have been underestimated for all three cohorts.
Data were not available for veterans who received care in the private sector using their Medicare coverage; it is plausible that a number of veterans in the cohort are dual-care beneficiaries. 26 Data were not available on mobility. An analysis of U.S. data concluded that overall prevalence of loss of mobility increased between 1998 and 2008. 27 Another limitation was the lack of genetic information on participants, although data indicate that the role of genetic factors is modest in determining how long individuals live, [28] [29] [30] and environmental factors can strongly affect this. Data were not available on socioeconomic status, education, diet, and function, all of which may have influenced the findings. Finally, the EHR became the major data repository in the early years of this study. To mitigate look-back errors related to EHR data entry, multiple sources of data were assimilated from within the VA system.
In conclusion, in a large cohort of community-dwelling veterans, centenarians had a lower incidence of disease beyond age 80 than did octogenarians and nonagenarians. The VA centenarians demonstrated similar compression of morbidity and extension of health span observed in other cohorts, underscoring the importance of further studying factors contributing to health and longevity in this group of survivors.
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